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Angular correlations in Angular correlations in ββ--decaydecay
Angular distribution contain 4 T-odd observables (lowest 
order):
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T-invariance holds ⇒ D, R, V, L = 0 !!!
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Angular correlations in β-decay

D : T-odd P-evenR : T-odd P-oddV : T-odd P-oddL : T-odd P-evenN : T-even P-even
σσσσe
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R-coefficient can be deduced from transversal polarizationtransversal polarization of 
electrons emitted from polarizedpolarized nuclei (or neutrons)
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Angular correlations in Angular correlations in ββ--decaydecay
D and R are sensitive to distinct aspects of T-violation:

D is primarily sensitive to the relative phaserelative phase between V and A
couplings.R is sensitive to the linear combination of imaginary parts of 
scalarscalar and tensortensor couplings.

( )

( )

( )

( ) ( )

* * ' '* ' '* FSI2 '* ' *'* ' * '* ' * FSI2 2 2 2 2 2 2 22 2' ' ' '

2Im11 2Im1
2Im1

TF GT S T V A S T V AGT T A AF GT S A S A V T V TF S V S V GT T A T A

ID M M C C C C C C C C DI
R M C C C CI IM M C C C C C C C C RI

M C C C C M C C C C

ξ

ξ

ξ

⋅ = − + − +
+

⋅ = +
+

+ + − − +
+

= + + + + + + +



27-Oct-05 K. Bodek,      PANIC, Santa Fe, 2005 5

� T-violation in β-decay may arise from:
o semileptonic interaction (d→ue-νe)
o nonleptonic interactions

� SM-contributions for D- and R-correlations:
o Mixing phase δδδδCKM gives contribution which is 2nd order in weak   
interactions:

< 10-10

o θθθθ -term contributes through induced NN PVTV interactions:
< 10-9

� Candidate models for scalar contributions (at tree-level) are:
o Charged Higgs exchange
o Slepton exchange (R-parity violating super symmetric models)
o Leptoquark exchange

� The only candidate model for tree-level tensor contribution is:
o Spin-zero leptoquark exchange.

TT--violationviolation in in ββ--decaydecay
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Measurements of Measurements of triple correlationstriple correlations in in ββ--decay decay 
pprovide rovide directdirect, i.e. first, i.e. first--order access to theorder access to the

TT--violating part of the weak interaction coupling violating part of the weak interaction coupling 
constantsconstants
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� Inserting specific matrix elements

and defining:

RR--correlation in neutron decaycorrelation in neutron decay
� Transverse electron polarization component contained in the 

plane perpendicular to the parent polarization.
�� Not measured for the decay of free neutron yetNot measured for the decay of free neutron yet !!
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� one obtains finally:
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Anticipated accuracy of the present Anticipated accuracy of the present 
experiment:experiment: ∆∆RR (neutron)(neutron) ≈≈ 55××1010--33
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� Can be deduced from the transverse electron polarization 
component contained in the plane parallel to the parent 
polarization.

� Scales with the decay asymmetry A (λ ≡ CA/CV):

� Self calibration tool for R-correlation measurement.
� Excellent cross check for systematic effects in R-correlation.

NN--correlationcorrelation
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Conclusion:Conclusion:

Simultaneously measure bothboth components 
of the transverse polarization of electrons 

emitted in neutron decay
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Mott Mott polarimetpolarimetryry
� Mott scattering:

– Analyzing power caused by spin-orbit force
– Parity and time reversal conserving (electromagnetic process)
– Sensitive exclusively to the transversal polarization
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FUNSPIN FUNSPIN –– Polarized Cold Neutron Polarized Cold Neutron 
Facility at PSIFacility at PSI
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MWPCscintillator scintillator

Pb-foilPb-foil

Mott polarimeterMott polarimeter

� Solutions:
o Tracking of electrons 
in low-mass, low-Z 
MWPCs

o Identification of Mott-
scattering vertex.

o Frequent neutron spin 
flipping.

o “foil-in” and “foil-out” 
measurements.

� Challenges:
o Weak and diffuse decay source
o Electron depolarization in multiple Coulomb scatterings
o Low energy electrons (<783 keV)
o High background (n-capture)



27-Oct-05 K. Bodek,      PANIC, Santa Fe, 2005 14

MottMott--scattering: “Vscattering: “V--track” eventstrack” events
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x

y

z

Scint. Scint.
MWPC

Pb-foilPb-foil

Projection of vertices onto XYProjection of vertices onto XY--planeplane
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Projection of the MottProjection of the Mott--scattering verticesscattering vertices
onto Pbonto Pb--foil planefoil planess
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Projection of vertices onto XProjection of vertices onto X--axisaxis
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Data analysisData analysis
� Idea:

– Express event rate distributions as functions of the azimuthal 
angle αααα making use of reconstructed (event-by-event) angles.

– Finite geometry and unknown efficiency-acceptance will be 
absorbed in the “experimental factors” evaluated with high 
precision.
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Data analysisData analysis
� Scenario I:

– Efficiency and acceptance do not change with neutron spin flip
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– Asymmetry parameter A for correction is taken from another, 
high precision, dedicated experiment
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MonteMonte--Carlo simulationCarlo simulation
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ExperimentExperiment
� First phase of data taking - completed
� Analyzed:

– ~40’000 events (~10% of full data set)
– Analysis of systematic effects still in progress
– PRELIMINARY RESULT:
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Experimental geometry factorsExperimental geometry factors
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Data analysisData analysis
� Scenario II:

– Make use of symmetry of the detecting system:
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– Calculate “super-ratio”:

– Now the correction is of the order 2( ) ( ) 0.01PAβ α α ∝ < F
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Data analysisData analysis
� Scenario II:

– PRELIMINARY RESULT:
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ConclusionsConclusions
� N ≠≠≠≠ 0 ⇒ transversal polarization of electrons from ββββ-decay 

experimentally confirmed (for the first time !)
� Mott-polarimeter has expected effective analyzing power 

(~18%)
� Size and sign of measured N-parameter agree with 

expectations !
� Errors are dominated by statistics
� Analysis of full data set (~500’000 events) - in progress
� Plans: Collect ~1’000’000 events in 2006
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MWPCs,MWPCs, scintillatorsscintillators and electronicsand electronics
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“V“V--track” events track” events –– onon--line displayline display
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Experimental setupExperimental setup
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Single track events V-track events

Energy calibrationEnergy calibration
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Energy distributionEnergy distribution
V-track eventsSingle-track events
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m = (J××××pe)/|J××××pe|n = (pe××××ps)/|pe××××ps|k = (m××××n)/|m××××n|
k |||||||| pe

(x,y,z) – LAB frame
γγγγ – decay angle
δδδδ – Mott scattering angle
αααα – event projection angle 

J – neutron polarization
pe – incident electron momentumps – scattered electron momentum
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11--stst order FSI contributionorder FSI contribution

In the SM:

A = -0.1173(13)

=  0 :
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“Discovery potential” or “exclusion power”
(4 standard deviations) of the R-parameter 
in the free neutron decay with present FSI 

theory is:Rn ≈≈≈≈ 2××××10-5

Im(CS+C’S) + 1.2×Im(CT+C’T) ≈≈≈≈ 10-4

Theoretical uncertainty ofTheoretical uncertainty of RRFSIFSI
� Vogel & Werner [NP 404 (1983) 345] corrected for:

⇒ ∆∆∆∆RFSI(neutron) ≈≈≈≈ 10-5

� A. Czarnecki: with new theory input parameters, one can reach
⇒ ∆∆∆∆RFSI(neutron) ≈≈≈≈ 5××××10-6


